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Numerical Investigation of Interaction Between an Inverse Trapezia Vortex Generator and

an Incoming Asymmetric Supersonic Flow in a Short Isolator
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Abstract; An inverse trapezia vortex generator based on a previous investigation of the full ramp is designed to
shorten the isolator. The vortex generator is placed on the lower wall at the isolator entrance. Computational
fluid dynamics simulations are performed on the isolator. Numerical results indicate that for the same backpre-
ssure the overall length of the isolator can be reduced by 40 % with the introduction of the inverse trapezia vor-
tex generator. Compared with the full ramp, the truncated length is improved by approximately 5%. The
length of the shock train does not change lineally with the change of the swept angle. With the optimum swept
angle design, the length of the shock train can be kept at the minimum, and the total pressure recovery coeffi-
cient in the isolator with an inverse trapezia vortex generator is at the same level as that of the full ramp.
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Fig. 1 Computational domain
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Fig. 3 Proportion of shock train pressure rise
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Fig. 5 Total pressure recovery coefficient of

isolator
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Fig. 6 Velocity vector of inverse trapezia vortex

generator at different swept angles
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Fig. 7 Length of shock train vs swept angle
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Fig. 8 Schematic sketch showing flow structure in

short isolator
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Fig. 9 Difference of impulse functions just before shock

train and at outlet
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3 4 i

(1 FEAR TR #E Y F TR T B s Bt 1 JRE Y
T J2% — 0 7k ) A R o O A 2R 0 e P o S B
KGR 100 /e - BAMR Z 400 50 i .

(2) 7 B B B TV 420 B 06 T8 103 3 4 2 A
J RN BE AT B 3L 15 5 s AR T U0 A s I AR
RTARRER I BHARE . 4R & 1 B 5 Bt S JR g
J1 31X 5 55 BT RN —FE

(3) TR B Hs T i &0 4 B i 44 JEE Y
ARG S BAR AR AR AL L DR It g i B B S I R
AE S 5 4 f D BORHE >

(4) A 1] B 2 B BE il i B B 2 {30 ' 4
T T e A2 A D 98 TR K A2 -5 R I8 LA T e
S e g AR AE R KR

(5) Pz HR AT ok R K005 o o B 1 o R
Bz 22 D VU o 2 ) LA R e AL A A e S BOR
S ERETT B BAR bR . BRI U R
L T 2 s R ) e



492

=

¥

Y,
-

(1

%31 %

[1]

[2]

[3]

[4]

[5]

[6]

(7]

[8]

(9]

[10]

(11]

(12]

[13]

2 % x #

Emami S, Trexler C A, Auslender A H, et al. Experi-
mental investigation of inlet-combustion isolators for a du-
al-mode scramjet at a Mach number of 4 R]. NASA,
TP3502, 1995.

Neumann E P, Lustwerk F. Supersonic diffusers for wind
tunnels[J]. Journal of Applied Mechanics, 1949, 16(2):
195-202.

Neumann E P, Lustwerk F. High-efficiency supersonic
diffusers[J]. Journal of Aeronautical Sciences, 1951, 18
(6): 369-374.

Waltrup P J, Billig F S. Structure of shock waves in cylin-
drical ducts[J]. AIAA Journal, 1973, 11(10). 1404-
1408.

Sullins G A, McLafferty G H. Experimental results of
shock trains in rectangular ducts[ R]. ATAA-1992-5103,
1992.

Matsuo K, Miyazato Y. Kim H D. Shock train and pseu-
do-shock phenomena in internal gas flows[J]. Progress in
Aerospace Sciences, 1999, 35(1) . 33-100.

Carroll B F, Dutton J C. Characteristics of multiple shock
wave/turbulent boundary-layer interactions in rectangular
ducts[J]. Journal of Propulsion and Power, 1990, 6(2):
186-193.

Carroll B F, Dutton J C. Turbulence phenomena in a mul-
tiple normal shock Wave/turbulent boundarylayer interac-
tion[ C]// ATAA, 21st Fluid Oynamics, Plasma Oynamics
and Lasers Conference. 1990.

Carroll BF, Lopez-Fernandez P A, Dutton ] C. Computa-
tions and experiments for a multiple normal shock/bound-
ary-layer interaction[J]. Journal of Propulsion and Pow-
er, 1993, 9(3): 405-411.

Ikui T, Matsuo K, Nagai M, et al. Oscillation phenomena
of pseudo-shock waves[]J]. Bulletin of JSME, 1974, 17
(112). 1278-1285.

Yamane R, Kondo E, Tomita Y, et al. Vibration of pseu-
do-shock in straight duct I-fluctuation of static pressure
[J]. Bulletin of JSME, 1984, 27(229); 1385-1392, 1393-
1398.

Sugiyama H, Takeda H, Zhang J P, et al. Locations and
oscillation phenomena of pseudo-shock waves in a straight
rectangular duct[ J]. JSME International Journal Series
I, 1988, 31(1): 9-15.

Le D B, Goyne C P, Krauss R H, et al. Experimental
study of a dual-mode scramjet isolator[J]. Journal of Pro-

pulsion and Power, 2008, 24(5): 1050-1057.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Le D B, Goyne C P, Krauss R H. Shock train leading
edge detection in a dual-mode scramjet[ J]. Journal of Pro-
pulsion and Power, 2008, 24(5): 1035-1041.

Billig F S, Dugger G L., Waltrup P J. Inlet-combustor in-
terface problems in scramjet engines[ C]// 1st International
Symposium on Air Breathing Engines. 1972,

TS . TKREETC. AR XS HROR G AR 4 I S B
FE[1]. HedEH AR, 2006, 27(1): 66-70.

Wang Chengpeng, Zhang Kunyuan. Investigation for two-
dimensional short isolator with a spacer under a asymmet-
ric incoming airflow[ J]. Journal of Propulsion Technolo-
gy, 2006, 27(1): 66-70. (in Chinese)

&b, BT, DK, %L IR BT X O 8k 46 7
B fEREHAR, 2008, 29(1): 54-57.

Jin Liang, Wu Xianyu, Luo Shibin, et al. Influence of
back pressure on location of shock train in isolator[ ]J].
Journal of Propulsion Technology, 2008, 29(1). 54-57.
(in Chinese)

Tam C J, Lin K C, Davis D, et al. Numerical investiga-
tions on simple variable geometry for improving scramjet
isolator performance[ R]. ATAA-2006-4509, 2006.
Bk, SKRAEIC. JERTER U Al AR A SRR s B BUE
[T, #HEFEHE AR, 2009, 30(6): 677-681.

Cao Xuebin, Zhang Kunyuan. Numerical investigation of
the short isolator with a ramp under asymmetric incoming
flow[ J]. Journal of Propulsion Technology, 2009, 30(6) :
677-681. (in Chinese)

Wegk, SKBIT. & REOG. AR B0 R T B AR 0 3R X ARk
T b Be e L], ML B ) 4. 2009, 24 (12)
2763-2767.

Cao Xuebin, Zhang Kunyuan. Jin Zhiguang. Experimen-
tal investigation of short isolator with a full ramp under
asymmetric incoming flow[]J]. Journal of Aerospace Pow-

er, 2009, 24(12): 2763-2767. (in Chinese)

EERN:

EFE (1984 )

PIE N

B A EEBIF DT RS

Tel: 025-84892240

E-mail: xuebincao@ yahoo. com. cn

KEETT(1943— )

7

BB LRI, BT

LA

Tel: 025-84892201-2100

E-mail: zkype@nuaa. edu. cn

(%% 7))



